Background: To better understand the sources of foodborne illness, we propose a scheme for categorizing foods implicated in investigations of outbreaks of foodborne diseases. Because nearly 2000 foods have been reported as causing outbreaks in the United States, foods must be grouped for meaningful analyses. Methods: We defined a hierarchy of 17 mutually exclusive food commodities. We defined the following three commodity groups from which nearly all food is derived: aquatic animals, land animals, and plants. We defined three commodities in aquatic animals, six in land animals, and eight in plants. We considered each food as a set of ingredients composed of one or more commodities. We defined a simple food as one made of ingredients that are all in one commodity and a complex food as one containing ingredients in more than one commodity. We determined likely ingredients using a panel of epidemiologists and a web-based search process. Results: We assigned 1709 (95%) of the 1794 foods implicated in outbreaks of foodborne diseases reported to Centers for Disease Control and Prevention from 1973 to 2006. Of those, 987 (57%) were simple foods and 722 (43%) were complex foods. Discussion: This categorization may serve as an input for modeling the attribution of human illness to specific food commodities and could be used by policy makers, health officials, regulatory agencies, and consumer groups to evaluate the contribution of various food commodities to illness.
Introduction
M ore than 250 diseases are known to be transmitted through food (Bryan, 1982) , and an estimated 14 million persons develop foodborne diseases caused by known agents each year in the United States (Mead et al., 1999) . A first step toward preventing foodborne illness is to accurately identify foods that cause illness. Investigations of foodborne disease outbreaks are widely used to determine the food vehicles for pathogens that cause illness and for learning how to prevent those illnesses. In addition to the immediate benefit of removing contaminated food from distribution, identifying those foods and food commodities that are frequently linked to outbreaks of human illness can lead to targeted research, improved investigative and inspection practices, and other interventions (DeWaal, 2002; Batz et al., 2004) . However, there is no generally accepted method of categorizing and summarizing foods implicated in outbreaks. A need exists to categorize these foods in ways that are helpful to agencies that investigate and report outbreaks, regulate food safety, and inform consumers, as well as to the industries that produce these foods.
Each year, state and local health departments investigate and report to the Centers for Disease Control and Prevention (CDC) approximately 1300 outbreaks of foodborne diseases (CDC, 2009) . These outbreaks represent the most important foodborne pathogens and a wide range of food vehicles. CDC publishes a list of reported foodborne outbreaks for each year as well as periodic summaries of the surveillance data (Lynch, et al., 2006; CDC, 2009) . These reports include the number of ill persons, the reporting state, and the name of the implicated food. When an outbreak is reported, the name of the implicated food may be selected from a list of previously reported foods, many of which contain multiple ingredients. Eggs, for instance, are a common ingredient in many foods and may or may not be the source of illness in outbreaks in which the implicated foods contained eggs (St. Louis et al., 1988) . In this paper, we present a general method for classifying foods and their ingredients into commodities to aid in the attribution of human illness to specific foods. This scheme can be used with 1 Enteric Diseases Epidemiology Branch and 2 Biostatistics Office, Division of Foodborne, Bacterial, and Mycotic Diseases, National Center for Zoonotic, Vectorborne, and Enteric Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia. Volume 6, Number 10, 2009 ª Mary Ann Liebert, Inc. DOI: 10.1089=fpd.2009 outbreak reports to attribute the burden of foodborne illness to specific foods consumed (point-of-consumption) (Painter et al., 2009) . Other attribution models focus on sources of illness at the point-of-production (e.g., the Danish ''Salmonella Source Account'' method) (Hald et al., 2004) or point-ofreservoir (e.g., the listeriosis risk ranking of ready-to-eat foods) (FDA, 2003) .
FOODBORNE PATHOGENS AND DISEASE

Materials and Methods
Ingredients are the basic components of all foods and can be meaningfully partitioned into commodities. We defined an ingredient as a basic food item that does not contain other food items and that belongs to only one commodity. These commodities can be related hierarchically and aggregated into commodity groups to form a taxonomy of commodities ( Fig. 1 ). For example, the commodities beef, game, and pork were defined as part of the commodity group meat. Ultimately, we defined three commodity groups from which nearly all food is derived: aquatic animals, land animals, and plants.
We considered each food as a set of ingredients belonging to one or more commodities. We labeled a food consisting of ingredients from a single commodity as ''simple'' and a food consisting of ingredients from two or more commodities as ''complex.'' For example, apple juice is a simple food; apple pie is a complex food. When a food contained multiple ingredients that were all in the same commodity, we classified it as simple. For example, mixed fruit salad was defined as a simple food because all the ingredients belonged to the commodity fruits-nuts.
Ingredients were assigned to commodities according to the practical considerations rather than scientific rigor. Botanically, tomatoes are fruits, but we assigned them (and some other vegetables with seeds) to the commodity vine-stalk vegetables. Whale and seal meat were assigned to fish because they come from aquatic animals. (This commodity might be more accurately labeled ''aquatic vertebrates,'' but we chose ''fish'' for brevity.) For simplicity, we assigned cooking oils, sugar, highly refined foods, such as vinegar, and other food additives into one commodity, oils-sugars. We assigned nut oils (e.g., sesame, peanut) as oils-sugars rather than as nuts.
In 2006 a list of foods suspected or confirmed as the vehicle of outbreaks of foodborne diseases reported to CDC since 1973 was obtained from CDC's electronic Foodborne Outbreak Reporting System (CDC, 2009 ). Classification of each food was proposed according to the rules described here and then reviewed by a panel of at least three epidemiologists.
We assigned each food according to the commodities of all its ingredients. For example, chocolate was assigned to fruitsnuts (cocoa) and oils-sugars (sugar); therefore all foods containing chocolate were assigned, at a minimum, to fruits-nuts and oils-sugars. Similarly, sandwiches containing mayonnaise were assigned to eggs and oils-sugars (oil, vinegar), in addition to any other commodities in the sandwich.
When an implicated food was typically composed of more than one ingredient, but the ingredients were not listed, we included the most likely ingredients in a typical recipe. For example, we assigned meatloaf to the commodities beef (ground beef), vine-stalk vegetables (tomato), root vegetables (onion), grains-beans (breadcrumbs), and eggs. Many simple foods, such as chicken, were likely prepared with seasonings, but we only included spices (fruits-nuts) or herbs (leafy vegetables) when they were explicitly indicated in the name of the food as reported, such as paprika in chicken paprika. We did not categorize salt and pepper as ingredients. We did not consider the form of processing, such as cooked or raw.
When the epidemiologists were unsure of, or did not agree on, the ingredients typically contained in a food, we consulted recipes available on the World Wide Web. We entered the name of the food and the word ''recipe'' into a web browser that presents web pages by their popularity (i.e., Google). The resulting top three recipes were reviewed for common ingredients. An ingredient was considered typical if it was included in at least two of the three recipes. We followed several default rules for complex food types that did not specify their ingredients (Table 1) .
Data were stored in a MS-SQL 2000 database with two tables. One table contained the relationships between ingredients and the commodities to which they belong. The other table contained the relationship between foods and their ingredients. The number of foods assigned to each commodity was calculated using Microsoft Analysis Services for SQL Server 2000.
FIG. 1. Hierarchy of food commodities (commodities are italicized).
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Results
We assigned 1709 (95%) of the 1794 reported foods implicated in outbreaks of foodborne diseases reported to CDC from 1973 CDC from to 2006 ; the remaining foods could not be assigned because their description was too vague (e.g., ''ethnic food''). Of those assigned, 987 (58%) were simple foods and 722 (42%) were complex (Table 2) . For all commodities except fruits-nuts, fish, and mollusks, more foods were complex than simple.
More foods that contained commodities in the commodity groups plants and land animals (992 and 971 foods, respectively) were listed as the source of outbreaks than were those in the commodity group aquatic animals (310). More food items were completely (simple foods) or partially (complex foods) composed of dairy than of any other commodity, followed by grains-beans and eggs. Complex foods were composed of ingredients from a range of 2 to 13 (mean ¼ 3.5) of the 17 commodities. Table 3 indicates the proportion of each of the 17 commodities found in a complex food. Table values indicate the proportion of complex foods containing the column header commodity that also contained the row commodity. For example, among the 152 foods containing beef, 57% contained pork, while among the 122 complex foods that contained pork, 70% contained beef. When a food contained more than one commodity, the other food was most frequently grains-beans. The proportion of complex foods where the other commodity was grains-beans was greater than 50% for 13 of the 17 commodities.
Discussion
We organized food ingredients into hierarchical categories of commodities and commodity groups to facilitate the analysis of investigations of outbreaks of foodborne disease. We chose to categorize foods based on 17 commodities to which ingredients were assigned. There is no single correct taxonomy. We defined ours on the basis of biology, epidemiology, food production practices, regulatory structures, and an awareness of the foods reported to CDC's electronic Foodborne Outbreak Reporting System. Our categorization aimed to balance detailed interest in specific commodities with the objective of developing a stable model for comparing the contribution of each commodity to human illness.
Other categorizations could be developed for different audiences or objectives. Ideally, the categories should be readily identifiable to consumers and combine foods with related production techniques and regulatory issues. The 17 commodities we chose correspond well with those found in grocery markets, as well as those familiar to industry and public health agencies. For example, the mollusk and crustacean commodities were defined to correspond with the categories used by industry and regulators (Portnoy et al., 1975) . Dairy, grains-beans, root vegetables Dish (i.e., foods that specified a main ingredient followed by the word ''dish'') Dairy, root vegetables, any additional commodity specified (e.g., beef)
Asian dishes (e.g., chow mein, chop suey, dim sum)
Root vegetables, grains-beans, oils-sugars, any additional commodity specified (e.g., beef)
Mexican dishes (e.g., taco, chimichanga)
Dairy, grains-beans, oils-sugars, root vegetables, any additional commodity specified (e.g., beef) Italian dishes (e.g., spaghetti, lasagna)
Dairy, grains-beans, oils-sugars, root vegetables, vine-stalk vegetables, and any additional commodity specified (e.g., beef) Pizza Dairy, grains-beans, vine-stalk vegetables, any additional commodity specified (e.g., beef) Salad Assumes served with salad dressing Unspecified dressing Eggs, dairy, oils-sugars, leafy vegetables (herbs), root vegetables Sandwich (including ''burrito'' and ''wrap'') Grains-beans, vine-stalk vegetables, leafy vegetables, any additional commodity specified (e.g., beef for roast beef sandwich); if sandwich typically served with mayonnaise, also eggs, oils-sugars Soup Root vegetables, any additional commodity specified (e.g., poultry for chicken soup) Stew Root vegetables, vine-stalk vegetables, any additional commodity specified (e.g., beef for beef stew)
RECIPES FOR FOODBORNE OUTBREAKS
There are advantages to creating more commodities. For example, considering the large number of outbreaks of foodborne diseases attributed to poultry (Lynch, et al., 2006) , it may be useful to subdivide poultry into chicken, turkey, and other or unknown poultry. However, one limitation to having a larger number of commodities is that each category would have fewer data. Also, as the number of commodities in a categorization scheme increases, the number of foods defined as complex increases. Having fewer commodities by removing a commodity with only a few foods-such as sprouts and fungi-can result in a more even distribution of foods assigned to each commodity but with a loss of specificity.
In many investigations of foodborne disease outbreaks, it is only possible to implicate a shared meal or a food that contains many ingredients because the specific contaminated ingredient cannot be identified. When the contaminated ingredient is not specified, categorizing foods based on their most likely ingredients is useful. In a review of outbreaks of Salmonella enterica serotype Enteritidis infections (St. Louis et al., 1988) , eggs were implicated as the sole ingredient for 20% of the outbreaks, but an additional 57% of the outbreaks implicated a food containing eggs. The frequency with which the implicated food vehicle contained eggs was far higher for outbreaks of Salmonella Enteritidis infections than for outbreaks caused by other Salmonella serotypes. Thus, a much larger proportion of Salmonella outbreaks due to Salmonella Enteritidis may have been caused by eggs than were outbreaks due to other serotypes. The categorization method described here allows one to evaluate the possible contribution of a commodity to all outbreaks caused by foods containing that commodity.
We did not categorize foods according to the amount of the ingredient in the food. Foods containing a large amount of lettuce (e.g., lettuce salad) or a small amount of lettuce (e.g., sandwich with lettuce) were all assigned as containing leafy vegetables. This is in contrast to food categorization developed for nutritional analyses, which categorizes foods on the basis of the amount of each commodity in a food. While that approach is reasonable for nutrient analysis, it may not be appropriate for analyses of foodborne outbreaks, because contamination of a minor ingredient may cause illness (Blaser and Newman, 1982; Lyytikainen et al., 2000) . While the likelihood that an individual becomes ill may correlate with the amount consumed, it does not follow that the most likely contaminated ingredient is the one consumed in the greatest quantity.
We did not categorize foods on the basis of the method used to process ingredients or prepared foods, partly because such information was not frequently available. Processing information may be meaningful in a specific outbreak, but could be problematic in a food classification scheme. For example, processed eggs used in jarred mayonnaise have never been implicated in a Salmonella outbreak because such eggs are subjected to high temperature. However, foods thought to Because complex foods contain more than one commodity, the sum of the number of foods belonging to each commodities in a group typically exceeds the number for the commodity group. The degree of discrepancy between these two sums indicates the proportion of foods that are complex. have received a lethal processing step are not always safe. For example, pasteurized milk has caused many outbreaks, because of failures of pasteurization or postpasteurization contamination. Therefore, classifying foods by processing method could obscure a link between an ingredient and illness.
For complex foods (those containing ingredients from more than one of the 17 commodities), we assigned foods without regard to the etiological agent, despite the fact that one could make some reasonable assumptions about the source of the illness based on the etiological agent. If investigation of a Salmonella Enteritidis outbreak implicated crab cakes (which contain the commodities eggs, root vegetables [onion, celery], grains-beans [breadcrumbs], and crustaceans [crab]), one could reasonably suppose that eggs were the most likely contaminated ingredient, because of the established link between Salmonella Enteritidis and eggs. If the same food were implicated in an outbreak of vibriosis, however, it would be more likely that the contaminated commodity was crustaceans. Moreover, the most likely vehicles for particular pathogens could change over time. Therefore, we assigned foods on the basis of all the ingredients in the food, not on the one that might be judged most likely to have caused illness. This type of judgment could be incorporated into an analytical model.
Conclusion
The scheme presented here provides a simple method for categorizing foods by one or more commodities. This categorization may serve as an input for modeling the attribution of human illness to specific food commodities and could be used by policy makers, health officials, regulatory agencies, and consumer groups to evaluate the contribution of various food commodities to illness.
